Abstract: Pupilla pratensis (Clessin, 1871) was recently confirmed as a distinct species based on morphological, ecological and molecular evidence. The main purpose of this study is to publish the first reliable data on the occurrence of P. pratensis in the Czech Republic and Slovakia. The second goal is to analyse conchometry of P. pratensis, P. muscorum (L., 1758), and P. alpicola (Charpentier, 1837) to find out whether it is possible to reliably distinguish these species solely based on shell measurements. For multidimensional analysis of shell measurement variation we used principal components analysis (PCA). We documented six populations of P. pratensis in the Czech Republic and one in SW Slovakia. The revision of voucher material showed that all previously reported records of P. alpicola from the Czech Republic belonged in fact to P. pratensis. This requires the exclusion of P. alpicola from the list of Czech molluscs. Based on multidimensional analysis of shell measurements it was possible to distinguish P. pratensis from P. muscorum with no overlapping specimens. Pupilla alpicola was almost completely different from P. muscorum with only few overlapping specimens, contrary to P. pratensis which was mostly impossible to distinguish from P. alpicola based on analysed shell measurements. Shell width was the best single shell measurement for distinguishing P. pratensis and P. muscorum. Shell measurements of two Swedish populations of P. pratensis did not differ from shell variation of Czech and Slovak populations. However, Scandinavian populations displayed some differences from central European populations in apertural barriers which are discussed in detail. Czech and Slovak populations of P. pratensis occurred in calcium-rich fen meadows which perfectly matches with site characteristics reported from Scandinavia. We assume that the observed morphometric differences between P. pratensis and P. muscorum can be useful for distinguishing the species also outside the Czech territory and for palaeoecological studies where only empty shells are available. Since these species occupy ecologically different habitats their reliable identification in fossil material can improve the reconstructions of past environments.
Introduction
Recently, von Proschwitz et al. (2009) have suggested that Pupilla pratensis (Clessin, 1871 ) was a distinct species. Previously it was mostly considered as an ecophenotype of P. muscorum (L., 1958) . The taxonomic identity of these two taxa was suggested based on morphological, ecological, and molecular evidence. Pupilla muscorum var. pratensis was described from wet peat meadows in Bavaria, Germany (Clessin 1871) . Unfortunately, this taxon obtained little attention (e.g., Kerney et al. 1983 ) until the publication of Jueg (1997) . The shell of P. pratensis differs from P. muscorum by having larger width and height, the number of whorls is usually greater than that of P. muscorum (von Proschwitz et al. 2009 ); P. pratensis has also a more darkish, chestnut brown shell colour. There are also considerable ecological differences: P. pratensis is an inhabitant of wet meadows contrary to the rather xerophile P. muscorum. In Scandinavia, P. pratensis is a typical species of open calcareous fens or calcareous wet meadows. As the species was largely overlooked, current data on its distribution are only fragmentary and need further attention. So far, the species was reliably confirmed from Poland, Germany, Denmark, Norway and Sweden (von Proschwitz et al. 2009 ). There is also an old record published by Clessin (Clessin 1887 (Clessin -1890 from Moravia (Czech Republic) that needs to be revised. Therefore we decided to revise all available voucher material of P. muscorum, especially those mentioned from wet meadows, from the Czech Republic and Slovakia. The main purpose of this study is to publish distributional data of P. pratensis from the Czech Republic and Slovakia. The second goal is to analyse conchometry of P. pratensis, P. muscorum and P. alpicola to find out whether it is possible to reliably distinguish these species solely based on shell measurements. These data should be useful in palaeoecological studies since these species occupy ecologically different habitats. We are also briefly describing habitats and ecological requirements of P. pratensis and comparing them with those reported from Scandinavia.
Material and methods
We revised available voucher material from personal collections of the authors and from the collection of the National Museum in Prague. Samples were collected mostly qualitatively by hand picking or by wet sieving method (Horsák 2003) . All adult shells with a completely developed mouth were picked out for shell measurements.
Shells were measured under a stereoscopic dissecting microscope and the following six parameters were measured: shell height and width, body whorl height, mouth height and width, and number of whorls. In total, five Czech, one Slovak and two Swedish populations of P. pratensis were measured (for details see Appendix 1). In order to compare shell variation of this species with the conchologically highly similar two species of the genus; six Czech populations of P. muscorum and 14 Slovak populations of P. alpicola were measured and analysed (Appendix 1).
For multidimensional analysis of shell measurement variation we used principal components analysis (PCA) on correlation matrix in the CANOCO programme (ter Braak & Šmilauer 2002) . Measured shell characters were correlated among each other using Spearman correlations (rS) and with the specimens' scores on the first three PCA axes to detect most differing characters among these three species.
Results
So far, we documented six populations of P. pratensis in the Czech Republic (five in E Bohemia and one in SE Moravia) and one in SW Slovakia (Fig. 1 , Appendix 1). The sites inhabited by this species were calcium-rich treeless wetlands, mostly calcareous fen meadows of low altitude (median = 275 m, range = 146-500 m a.s.l.).
PCA of shell measurements revealed three major directions of shell measurement variation which were significantly associated with at least one of measured parameters (Table 1 ). The first PCA axis was highly correlated with shell height and the number of whorls, which were variables that expressed the highest level of correlation from all measured shell dimensions (Table 2). The second axis expressed mainly variation in body whorl height and the third axis significantly cor- Fig. 2 . Relationship between shell height and shell width of three conchologically similar Pupilla species; P. pratensis (n = 127), P. alpicola (n = 259) and P. muscorum (n = 109). Fig. 3 . PCA diagram of 495 measured shells of Pupilla pratensis (n = 127), P. alpicola (n = 259) and P. muscorum (n = 109) showing their position along the first and third ordination axis based on six measured shell dimensions (arrows). Correlations among these measured characters and PCA axis are given in Table 1. related with shell width. This is in accordance with the results of correlations among shell dimensions, where shell height and shell width were only weakly correlated and thus their variances were more or less independent (Fig. 2) . Based on multidimensional analysis of shell measurements it was possible to distinguish P. pratensis from P. muscorum with no overlapping specimens (Fig. 3) . Pupilla alpicola was almost completely differ- ent from P. muscorum with only few overlapping specimens, contrary to P. pratensis which was mostly impossible to distinguish from P. alpicola based on analysed shell measurements. These two species had a very similar variation of shell dimensions, however, P. alpicola tended to be smaller and thinner (Table 3) . Similar results were achieved when plotting only shell height against shell width (Fig. 2) ; however there were some overlapping specimens among P. pratensis and P. muscorum, especially with respect to shell height. Shell width was the best single shell measurement for distinguishing P. pratensis and P. muscorum (Fig. 4) . Except two specimens from 127 studied shells, P. pratensis was always wider than 1.85 mm, in contrast to P. muscorum reaching at maximum only 1.80 mm.
Discussion
The occurrence of P. pratensis has been reliably confirmed for the first time in the Czech Republic and Slovakia. Even though, the occurrence of P. muscorum var. pratensis has already been mentioned from the Czech Republic (e.g., Clessin 1886 Clessin -1887 Ložek 1956; RafaFig. 4 . Variation of shell width within and among studied species: Pupilla alpicola (n = 259), P. pratensis (n = 127) and P. muscorum (n = 109). Fig. 5 . Shell variation of Pupilla pratensis (1-9), P. muscorum (10, 11), and P. alpicola (12, 13). The numbers of localities match with those given in lists of measured populations; shell measurements in millimetres (height/width). P. pratensis: 1-3, Loc. no. 2, 3.5/1.9, 3.6/2.1, 3.9/2.1; 4, Loc. no. 3, 4.0/2.1; 5, Loc. no. 4, 4.0/2.0; 6, Loc. no. 1, 3.9/2.2; 7, Loc. no. 6, 3.7/2.0; 8, Loc. no. 9, 3.5/2.0; 9, Loc. no. 8, 3.6/1.9; P. muscorum: 10, Loc. no. 1, 3.2/1.7; 11, Loc. no. 4, 3.6/1.7; P. alpicola: 12, Loc. no. 6, 3.5/1.9; 13, Loc. no. 3, 3 .2/1.8. Scale 1 mm. Photos by M. Horsák. jová 2002), a revision based on new taxonomic knowledge (von Proschwitz et al. 2009 ) was needed. It is not possible to use these older records without revision of voucher material. For data published by Rafajová (2002) only a part of voucher material was available and this turned out to be P. muscorum. So far, P. pratensis was reliably confirmed from only few sites in the Czech and Slovak Republics, however its more frequent occurrence in some lowland regions is probable. We expect further records particularly in East Bohemia mainly due to a frequent occurrence of suitable habitats -calcium-rich fen meadows with communities of Caricion davallianae alliance (Sádlo 2000) . Observed, although still rather rough, habitat requirements perfectly match with those reported from Scandinavia (von Proschwitz et al. 2009 ). Scandinavian populations are also associated with calcareous fens and fen meadows.
Not only ecological requirements seem to be stable in distinct parts of the distributional range. Shell measurements of two Swedish populations did not differ from shell variation of Czech and Slovak populations. Thus, the observed differences between P. pratensis and P. muscorum can probably be useful outside the Czech territory as well. The plausibility of revealed conchometrical characters is important especially for palaeoecological studies as fossil material do not provide molecular and other data which are easily available from live material. For example, the species differ also in shell colour (P. pratensis is more dark brown), but also the colour is mostly lost in fossil material. Since these snails differ in ecological requirements (P. muscorum lives mainly in xeric habitats) the possibility of their iden-tification in dead assemblages can have an important implication in reconstruction of past environments.
There are also differences in apertural barriers; however, our observations from Czech and Slovak populations are somewhat different from those published by von Proschwitz et al. (2009) . From Scandinavian populations they stated that P. pratensis has a rather weakly developed apertural lip compared to P. muscorum. Most of Czech and Slovak specimens have distinctly developed lips (Fig. 5) , similarly or even strongly than P. muscorum. However, images of shells from German and Polish populations published by von Proschwitz et al. (2009) suggest that the weakly developed lip probably might be limited only to Scandinavian populations. This conclusion is consistent with the observation of two analysed Swedish populations which also have, on average, a weakly developed lip (Fig. 5) . Central European populations of P. pratensis also have a bit differently developed teeth than mentioned by von Proschwitz et al. (2009) for Scandinavian populations. They concluded that P. pratensis has weakly developed apertural teeth (parietal weak, palatal indicated) or it is rather often toothless. In central European material most specimens have both teeth well developed. The palatal gutter, characteristic of P. alpicola, was always visible or at least indicated in the Czech and Slovak populations; however it was always weakly developed compared to that of P. alpicola. These differences from Scandinavian populations indicate that central European populations have on average more developed apertural structures.
Pupilla pratensis can also be confused with P. alpicola, most probably due to similar habitat preferences, shell colour and size, which was also the case of all published Czech records of P. alpicola (Ložek 1982 (Ložek , 1992 Horsák 2005) . Voucher specimens from these sites (sites no. 1, 4, 5 in Appendix 1) were revised and based on characters in mouth (distinctly developed lip, presence of teeth and weakly developed gutter) these populations clearly belonged to P. pratensis. Thus, the occurrence of P. alpicola in the Czech Republic was not confirmed and this species should be excluded from national Check Lists (Juřičková et al. 2001 (Juřičková et al. , 2008 as well as the Red List (Beran et al. 2005) . These two species differ in several characters (see von Proschwitz et al. 2009 ). The main differences are in the development of apertural teeth and lip. Pupilla alpicola is often toothless (rarely with weak parietal teeth), but with a prominent palatal gutter (Fig. 5) . Apertural lip of P. alpicola is also very weak and flat, at the most slightly paler than the shell colour. Based on current data it seems that also distributional ranges of these two species are parapatric in our territory: P. alpicola living in calcareous fens in the Western Carpathians (central Slovakia with small extension to Poland in the Pieniny Mts region) and P. pratensis living in the Czech Republic with extension to southwest Slovakia.
Since P. pratensis seems to be an exclusive inhabitant of calcium-rich fen meadows mainly in large lowlands, the habitats are currently threatened by human degradation and destruction, we suggest classification of this species as Endangered (EN) for both countries. However, further research is needed for obtaining representative data about present distribution and conservation status.
